Induction of antioxidant gene expression in a mouse model of ischemic cardiomyopathy is dependent on reactive oxygen species.
Ischemia and reperfusion (I/R) are characterized by oxidative stress as well as changes in the antioxidant enzymes of the heart. However, little is known about the transcriptional regulation of myocardial antioxidant enzymes in repetitive I/R and hibernating myocardium. In a mouse model of ischemic cardiomyopathy induced by repetitive I/R, we postulated that induction of antioxidant gene expression was dependent on reactive oxygen species (ROS). Repetitive closed-chest I/R (15 min) was performed daily in C57/BL6 mice and in mice overexpressing extracellular superoxide dismutase (EC-SOD). Antioxidant enzyme expression was measured at 3, 5, 7, and 28 days of repetitive I/R as well as 15 and 30 days after discontinuation of I/R. In order to determine whether ROS directly modulates antioxidant gene expression, transcript levels were measured in cardiomyocytes exposed to hydrogen peroxide. Repetitive I/R caused an early and sustained increase in glutathione peroxidase (GPX) transcript levels, while heme oxygenase-1 (HO-1) expression increased only after 7 days of repetitive I/R. Overexpression of EC-SOD prevented the upregulation of GPX and HO-1 transcript levels by repetitive I/R, suggesting that both genes are regulated by ROS. However, while HO-1 transcript levels increased in cardiomyocytes exposed to hydrogen peroxide, oxidative stress failed to induce the expression of GPX implying that ROS regulates GPX transcript levels only indirectly in repetitive I/R. In conclusion, repetitive I/R was associated with an early upregulation of GPX expression as well as a delayed increase of HO-1 transcript levels in the heart. The induction of both antioxidant genes was dependent on ROS, suggesting that alterations in redox balance mediate not only tissue injury but also components of "programmed cell survival" in hibernating myocardium.